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Description

BACKGROUND OF THE INVENTION

PRIORITY

[0001] This application claims priority to U.S. provi-
sional patent application no. 62/242,693, filed on October
16, 2015.

FIELD OF THE INVENTION

[0002] This invention relates to marine seismology and
more particularly relates to the deployment, retrieval, op-
eration, and design of seismic autonomous underwater
vehicles.

DESCRIPTION OF THE RELATED ART

[0003] Marine seismic data acquisition and processing
generates a profile (image) of a geophysical structure
under the seafloor. Reflection seismology is a method of
geophysical exploration to determine the properties of
the Earth’s subsurface, which is especially helpful in de-
termining an accurate location of oil and gas reservoirs
or any targeted features. Marine reflection seismology is
based on using a controlled source of energy (typically
acoustic energy) that sends the energy through a body
of water and subsurface geologic formations. The trans-
mitted acoustic energy propagates downwardly through
the subsurface as acoustic waves, also referred to as
seismic waves or signals. By measuring the time it takes
for the reflections or refractions to come back to seismic
receivers (also known as seismic data recorders or
nodes), it is possible to evaluate the depth of features
causing such reflections. These features may be asso-
ciated with subterranean hydrocarbon deposits or other
geological structures of interest.
[0004] There are many methods to record the reflec-
tions from a seismic wave off the geological structures
present in the surface beneath the seafloor. In one meth-
od, a marine vessel tows an array of seismic data record-
ers provided in streamers. In another method, seismic
data recorders are placed directly on the ocean bottom
by a variety of mechanisms, including by the use of one
or more of Autonomous Underwater Vehicles (AUVs),
Remotely Operated Vehicles (ROVs), by dropping or div-
ing from a surface or subsurface vessel, or by attaching
autonomous nodes to a cable that is deployed behind a
marine vessel. The data recorders may be discrete, au-
tonomous units, with no direct connection to other nodes
or to the marine vessel, where data is stored and record-
ed.
[0005] Emerging technologies in marine seismic sur-
veys need a fast and cost effective system for deploying
and recovering seismic receivers that are configured to
operate underwater. Newer technologies use AUVs that
have a propulsion system and are programmed to move

to desired positions and record seismic data. In general,
the basic structure and operation of a seismic AUV is
well known to those of ordinary skill. For example, Appli-
cant’s U.S. Patent No. 9,090,319, incorporated herein by
reference, discloses one type of autonomous underwater
vehicle for marine seismic surveys.
[0006] US patent application 2014/0053768 also dis-
closes an autonomous underwater vehicle for recording
seismic signals during a marine seismic survey. The AUV
includes a body extending along an axis X with a trian-
gular-like shape cross section. In some embodiments of
US 2014/0053768, the body houses all the components
and more especially a seismic payload configured to
record seismic signals, a motor and a propeller. The body
of the AUV also houses buoyancy chambers and a con-
trol unit to control water pumping to and from the buoy-
ancy chambers for altering the AUV’s buoyancy between
positive and negative.
[0007] Because a seismic survey may require hun-
dreds if not thousands of AUVs for a particular survey,
an AUV is needed that is easy to operate and relatively
straightforward and cost-effective to manufacture. A
need exists for an improved AUV that is more cost effec-
tive and less complex, one that is lighter and requires
less power, and one that is easier to maintain and repair.
An improved AUV is needed that more effectively couples
to the seabed and can travel to and from a particular point
on the seabed without using as much power as may be
required by known seismic AUVs.

SUMMARY OF THE INVENTION

[0008] Apparatuses, systems, and methods for the de-
ployment and retrieval of a plurality of seismic autono-
mous underwater seismic vehicles (AUVs) on or near the
seabed. In one embodiment, the AUV comprises a
streamlined body coupled to a pressure vessel that con-
tains substantially all of the AUV’s electronic compo-
nents. The pressure vessel may comprise a plurality of
composite components (such as carbon fiber) coupled
to a metallic coupler to provide a substantially cylindrical
shape to the pressure vessel. The AUV body may include
a plurality of buoyant wings, surfaces, or other parts of
the AUV that are configured to provide lift to the AUV in
a body of water during lateral movement and to compen-
sate for an overall negative buoyancy of the AUV. The
AUV may include a plurality of landing legs or fins for
increased stability of the AUV during flight and during
rest and increased coupling to the seabed. The AUV may
include a plurality of thrusters, such as one vertical thrust-
er located near a front portion of the AUV and two hori-
zontal thrusters located near a middle or a rear portion
of the AUV. A vertical thruster may be used to create an
upwards attack angle during takeoff and to maintain
depth or orientation during flight. During normal flight op-
erations, the AUV may be configured to travel horizontally
and vertically in a body of water by using only the hori-
zontal thrusters. The present invention is defined by an
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AUV for recording seismic signals according to claim 1.
[0009] In another embodiment is disclosed an AUV for
recording seismic signals on the seabed during a marine
seismic survey, the AUV comprising a pressure vessel
that houses a plurality of electronic components within
the pressure vessel, wherein an exterior portion of the
pressure vessel comprises carbon fiber, and one or more
seismic sensors configured to record seismic signals
while the AUV is resting on the bottom of the ocean.
[0010] The pressure vessel may comprise a plurality
of components that may be coupled together, wherein at
least one of the components is substantially non-metallic,
such as being made of carbon fiber or similar component.
For example, an exterior portion of the pressure vessel
may comprise one or more carbon-fiber components. In
one embodiment, the pressure vessel comprises a first
part coupled to a second part by a metallic ring. The first
and second parts may be substantially non-metallic, such
as being made of carbon-fiber components. The pres-
sure vessel may be cylindrical and comprise a first semi-
spherical end coupled to a second semi-spherical end
by a metallic ring connector. The metallic ring connector
may couple one or more external devices (such as thrust-
ers, altimeters, acoustic devices, etc.) to the internal com-
ponents of the pressure vessel by a variety of connec-
tions, such as a pressure sealed connector, a penetrator,
or corresponding flat surfaces on both the external device
and the ring connector. In other embodiments, the exter-
nal devices may be coupled to a separate portion of the
pressure vessel, such as a connector or penetrated lo-
cated in one or more of the ends (such as in a substan-
tially middle portion of the end cap) of the carbon-fiber
components.
[0011] The AUV may comprise a propulsion system
with a plurality of thrusters, such as at least one horizontal
thruster and at least one vertical thruster. The at least
one vertical thruster may be configured to provide all ve-
hicle pitch control for the AUV and/or provide lift-off force
from the seabed for the AUV. The plurality of thrusters
may comprise a motor, nozzle, and/or impeller, and in
one embodiment the plurality of thrusters are rim driven
thrusters. Each of the plurality of thrusters may be cou-
pled to a braking system configured to prevent rotation
of the thrusters while the AUV is on the seabed when the
AUV propulsion system is powered off.
[0012] The AUV may comprise one or more fins or legs
coupled to the buoyant body and/or pressure vessel for
seabed coupling purposes. In other embodiments, a plu-
rality of legs may comprise a landing frame that couples
the buoyant body to the pressure vessel and the AUV to
the seabed for increased coupling effects for seismic re-
cordings. The buoyant body may have a plurality of dif-
ferent shapes. In one embodiment, the body has a shape
that provides lift to the AUV during horizontal movement
of the AUV. While the buoyant body is positively buoyant,
overall the AUV may be negatively buoyant in a body of
water. The AUV may include an altimeter, which may be
partially or entirely located within the pressure vessel or

external to the pressure vessel. In one embodiment, the
altimeter is located entirely within the pressure vessel,
such as being located on an internal side of a carbon-
fiber component of the pressure vessel housing.
[0013] In one embodiment is disclosed an integrated
seismic and AUV control system that is configured to
control a seismic payload and the propulsion system. The
seismic payload may comprise one or more seismic sen-
sors (such as three geophones and one hydrophone). In
one embodiment, the integrated control system compris-
es a digital autonomous recorder (DAR) configured to
control the propulsion system. The DAR may be coupled
to an acoustic guidance system located on the AUV.
[0014] Also disclosed is a method for performing a ma-
rine seismic survey by the use of an AUV. For example,
the method may include deploying an AUV to the bottom
of the ocean, recording seismic signals on the seabed
with one or more seismic sensors located on the AUV,
lifting off the AUV from the seabed, and positioning the
AUV from a seabed position to a target location in the
sea or near the surface of a body of water. The lifting
step may comprise activating at least one vertical thruster
on the AUV and lifting a first end of the AUV off of the
seabed solely by using the at least one vertical thruster.
The positioning step may comprise changing a vertical
position of the AUV by using the at least one horizontal
thruster. In some embodiments, vertical travel in a body
of water does not require the use of the vertical thruster.
Instead, varying the speed of the AUV by the horizontal
thruster controls the lift of the AUV by the buoyant body,
thereby controlling the vertical position of the AUV.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The following drawings form part of the present
specification and are included to further demonstrate cer-
tain aspects of the present invention. The invention may
be better understood by reference to one or more of these
drawings in combination with the detailed description of
specific embodiments presented herein.

FIG. 1 illustrates one embodiment of a schematic
diagram of an AUV.
FIGS. 2A-2C illustrate various views of an AUV ac-
cording to one embodiment of the present disclo-
sure.
FIGS. 3A-3C illustrate various views of an AUV ac-
cording to one embodiment of the present disclo-
sure.
FIGS. 4A-4C illustrate various views of an AUV buoy-
ant body according to various embodiments of the
present disclosure.
FIG. 5 illustrates one view of one embodiment of a
pressure vessel of an AUV in an exploded view.
FIG. 6 illustrates one view of one embodiment of a
pressure vessel of an AUV in an exploded view.
FIGs. 7A-7E illustrates a series of operations show-
ing one embodiment of the takeoff of an AUV from
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the seabed, according to one embodiment of the
present disclosure.
FIG. 8 illustrates a block diagram showing the elec-
tronics of one embodiment of the disclosed AUV,
where the AUV control electronics is separate from
the seismic payload electronics.
FIG. 9 illustrates a block diagram showing the elec-
tronics of one embodiment of the disclosed AUV,
where the AUV control electronics is integrated with
the seismic payload electronics.

DETAILED DESCRIPTION

[0016] Various features and advantageous details are
explained more fully with reference to the nonlimiting em-
bodiments that are illustrated in the accompanying draw-
ings and detailed in the following description. Descrip-
tions of well known starting materials, processing tech-
niques, components, and equipment are omitted so as
not to unnecessarily obscure the invention in detail. It
should be understood, however, that the detailed de-
scription and the specific examples, while indicating em-
bodiments of the invention, are given by way of illustration
only, and not by way of limitation. Various substitutions,
modifications, additions, and/or rearrangements within
the spirit and/or scope of the underlying inventive concept
will become apparent to those skilled in the art from this
disclosure. The following detailed description does not
limit the invention.
[0017] Reference throughout the specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with an embodiment is included in at least one em-
bodiment of the subject matter disclosed. Thus, the ap-
pearance of the phrases "in one embodiment" or "in an
embodiment" in various places throughout the specifica-
tion is not necessarily referring to the same embodiment.
Further, the particular features, structures, or character-
istics may be combined in any suitable manner in one or
more embodiments.

AUTONOMOUS UNDERWATER VEHICLES AND 
COMPONENTS THEREOF

[0018] In one or more embodiments, an autonomous
underwater vehicle (AUV) is used to record seismic sig-
nals on or near the seabed. A seismic AUV in the following
description is considered to encompass an autonomous
self-propelled underwater node that has one or more sen-
sors capable of detecting seismic waves in a marine en-
vironment. The following embodiments are discussed,
for simplicity, with regard to the terminology and structure
of an AUV with seismic sensors for recording seismic
waves. In general, the structure and operation of a seis-
mic AUV is well known to those of ordinary skill. For ex-
ample, Applicant’s U.S. Patent No. 9,090,319, discloses
one type of autonomous underwater vehicle for marine
seismic surveys.

[0019] FIG. 1 is reproduced from FIG. 5 of Applicant’s
U.S. Patent No. 9,090,319. The disclosed embodiment
may use one or more systems, components, and/or fea-
tures from the AUV described in FIG. 1. FIG. 1 illustrates
one embodiment of AUV 100 having a body 102 in which
a propulsion system may be located. The propulsion sys-
tem may include one or more propellers 104 and a motor
106 for activating the propeller 104. Other propulsion sys-
tems may be used, such as jets, thrusters, pumps, etc.
Alternatively, the propulsion system may include adjust-
able wings for controlling a trajectory of the AUV. Motor
106 may be controlled by a processor/controller 108.
Processor 108 may also be connected to a seismic sen-
sor 110. Seismic sensor 110 may have a shape such that
when the AUV lands on the seabed, the seismic sensor
achieves a good coupling with the seabed sediment. The
seismic sensor may include one or more of a hydrophone,
geophone, accelerometer, etc. For example, if a 4C (four
component) survey is desired, seismic sensor 110 may
includes three accelerometers and a hydrophone, i.e., a
total of four sensors. Alternatively, the seismic sensor
may include three geophones and a hydrophone. Of
course, other sensor combinations are possible, and may
include one or more of a hydrophone, geophone, accel-
erometer, electromagnetic sensor, depth sensor, MEMs,
or a combination thereof. Seismic sensor 110 may be
located completely or partially inside body 102. A mem-
ory unit 112 may be connected to processor 108 and/or
seismic sensor 110 for storing seismic data recorded by
seismic sensor 110. A battery 114 may be used to power
all these components. Battery 114 may be allowed to
shift its position along a track 116 to change the AUV’s
center of gravity. This shift may be controlled by proces-
sor 108.
[0020] The AUV may also include an inertial navigation
system (INS) 118 configured to guide the AUV to a de-
sired location. An inertial navigation system may include
a module containing accelerometers, gyroscopes, mag-
netometers, or other motion-sensing devices. The INS
may initially be provided with the current position and
velocity of the AUV from another source, for example, a
human operator, a GPS satellite receiver, a deployed
subsea station, a deployed ROV, another AUV, from the
vessel, etc., and thereafter, the INS computes its own
updated position and velocity by integrating (and option-
ally filtrating) information received from its motion sen-
sors. One advantage of an INS is that it requires no ex-
ternal references in order to determine its position, ori-
entation or velocity once it has been initialized. However,
the INS may still require regular or periodic updates from
an external reference to update the AUV’s position to
decrease the positioning error of the AUV, particularly
after long periods of time subsea. As noted above, alter-
native systems may be used, as, for example, acoustic
positioning. An optional acoustic Doppler Velocity Log
(DVL) (not shown) can also be employed as part of the
AUV, which provides bottom-tracking capabilities for the
AUV. Sound waves bouncing off the seabed can be used
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to determine the velocity vector of the AUV, and com-
bined with a position fix, compass heading, and data from
various sensors on the AUV, the position of the AUV can
be determined. This assists in the navigation of the AUV,
provides confirmation of its position relative to the sea-
bed, and increases the accuracy of the AUV position in
the body of water.
[0021] Besides or instead of INS 118, the AUV may
include compass 120 and other sensors 122 as, for ex-
ample, an altimeter for measuring its altitude, a pressure
gauge, an interrogator module, etc. The AUV 100 may
optionally include an obstacle avoidance system 124 and
a communication device 126 (e.g., Wi-Fi or other wireless
interface, such as a device that uses an acoustic link) or
other data transfer device capable of wirelessly transfer-
ring seismic data and/or control status data. One or more
of these elements may be linked to processor 108. The
AUV further includes antenna 128 (which may be flush
with or protrude from the AUV’s body) and corresponding
acoustic system 130 for subsea communications, such
as communicating with a deployed ROV (or other under-
water station), another AUV, or a surface vessel or sta-
tion. For surface communications (e.g., while the AUV is
on a ship), one or more of antenna 128 and communica-
tion device 126 may be used to transfer data to and from
the AUV. Stabilizing fins and/or wings 132 for guiding the
AUV to the desired position may be used with propulsion
system for steering the AUV. However, in one embodi-
ment, the AUV has no fins or wings. The AUV may include
buoyancy system 134 for controlling the AUV’s depth and
keeping the AUV steady after landing.
[0022] Acoustic system 130 may be an Ultra-Short
Baseline (USBL) system, also sometimes known as Su-
per Short Base Line (SSBL). This system uses a method
of underwater acoustic positioning. A complete USBL
system includes a transceiver or acoustic positioning sys-
tem mounted on a pole under a vessel or ROV (such as
Hi-PAP or mPAP, commercially available by Kongsberg)
and a transponder on the AUV. In general, a hydro-
acoustic positioning system consists of both a transmitter
and a receiver, and any Hi-PAP or mPAP or transponder
system acts as both a transmitter and a receiver. An
acoustic positioning system uses any combination of
communications principles for measurements and calcu-
lations, such as SSBL. In one embodiment, the acoustic
positioning system transceiver comprises a spherical
transducer with hundreds of individual transducer ele-
ments. A signal (pulse) is sent from the transducer (such
as a Hi-PAP or mPAP head on the surface vessel), and
is aimed towards the seabed transponder located on the
AUV. This pulse activates the transponder on the AUV,
which responds to the vessel transducer after a short
time delay. The transducer detects this return pulse and,
with corresponding electronics, calculates an accurate
position of the transponder (AUV) relative to the vessel
based on the ranges and bearing measured by the trans-
ceiver. In one embodiment, to calculate a subsea posi-
tion, the USBL system measures the horizontal and ver-

tical angles together with the range to the transponder
(located in the AUV) to calculate a 3D position projection
of the AUV relative to a separate station, cage, ROV, or
vessel. An error in the angle measurement causes the
position error to be a function of the range to the trans-
ponder, so an USBL system has an accuracy error in-
creasing with the range. Alternatively, a Short Base Line
(SBL) system, an inverted short baseline (iSBL) system,
or an inverted USBL (iUSBL) system may be used, the
technology of which is known in the art. For example, in
an iUSBL system, the transceiver is mounted on or inside
the AUV while the transponder/responder is mounted on
a separate vessel/station and the AUV has knowledge
of its individual position rather than relying on such po-
sition from a surface vessel (as is the case in a typical
USBL system). In another embodiment, a long baseline
(LBL) acoustic positioning system may be used. In a LBL
system, reference beacons or transponders are mounted
on the seabed around a perimeter of a work site as ref-
erence points for navigation. The LBL system may use
an USBL system to obtain precise locations of these sea-
bed reference points. Thus, in one embodiment, the ref-
erence beacon may comprise both an USBL transponder
and a LBL transceiver. The LBL system results in very
high positioning accuracy and position stability that is in-
dependent of water depth, and each AUV can have its
position further determined by the LBL system. The
acoustic positioning system may also use an acoustic
protocol that utilizes wideband Direct Sequence Spread
Spectrum (DSSS) signals, which provides for a greater
communications range in the water.
[0023] With regard to the AUV’s internal configuration,
the AUV includes a CPU that is connected to an inertial
navigation system (INS) (or compass or altitude sensor
and acoustic transmitter for receiving acoustic guidance
from the mother vessel), a wireless interface, a pressure
gauge, and an acoustic transponder. The INS is advan-
tageous when the AUV’s trajectory has been changed,
for example, because of an encounter with an unexpect-
ed object (e.g., fish, debris, etc.), because the INS is ca-
pable of taking the AUV to the desired final position as it
encounters currents, wave motion, etc. Also, the INS may
have high precision. For example, an INS may be accu-
rate up to 0.1% of the travelled distance, and a USBL
system may be accurate up to 0.06% of the slant range.
Thus, it is expected that for a target having a depth of
1000 m, the INS and/or the acoustic guidance is capable
of steering the AUV within +/-1 m of the desired target
location. The INS may be also configured to receive data
from a surface vessel and/or a deployed ROV to increase
its accuracy. The AUV may include multiple CPUs. For
example, a second CPU may be configured to control
one or more attitude actuators and a propulsion system.
One or more batteries may be located in the AUV. A
seismic payload is located inside the AUV for recording
the seismic signals. As another embodiment, an obstacle
avoidance system may be included in the AUV, which is
generally configured to detect an object in the path of the
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AUV and divert the AUV from its original route to avoid
contact with the object. In one example, the obstacle
avoidance system includes a forward-looking sonar. The
AUV includes any necessary control circuitry and soft-
ware for associated components. In one embodiment,
the AUV may have various operational modes, such as
wakeup, sleep, maintenance, and travel modes.
[0024] Those skilled in the art would appreciate that
more or less modules may be added to or removed from
the AUV. For example, the AUV may include variable
buoyancy functionality, such as the ability to release a
degradable weight on the bottom of the ocean after seis-
mic recording to assist in the rise or surfacing of the AUV
to a recovery spot (such as on or near the ocean surface).
In other embodiments, the AUV may include one or more
buoyancy or ballast tanks that may be flooded with air or
water to assist in the vertical navigation of the AUV, such
as described in more detail in Applicant’s U.S. Patent
Publication No. 2015/0336645. In another embodiment,
the AUV may include a suction skirt that allows water to
be pumped out of a compartment under the AUV after it
has landed to create a suction effect towards the seabed.
In still other embodiments, the AUV may include one or
more seabed coupling mechanisms or self-burying func-
tionality, such as the ability to rock or twist into the ocean
by specific movements of the AUV or the use of a plurality
of base water outlets on the bottom of the AUV to fluidize
the seabed sediment, as described in more detail in Ap-
plicant’s U.S. Patent Nos. 9,381,986 and 9,457,879,

IMPROVED AUTONOMOUS UNDERWATER VEHI-
CLE

[0025] The disclosed AUV embodiments provides nu-
merous benefits over previously disclosed seismic AU-
Vs, including better seabed seismic coupling, enhanced
subsea maneuverability, control, and propulsion, and in-
creased acoustic capabilities. The disclosed AUV uses
less power than conventional seismic AUVs, and is also
more cost effective, lighter, less complex more reliable,
and easier to handle and repair than existing seismic
AUVs.
[0026] FIGS. 2A-2C illustrate various views of an AUV
according to one embodiment of the present disclosure.
FIG. 2A illustrates a rear perspective view, FIG. 2B illus-
trates a front perspective view, and FIG. 2C illustrates a
front view. As shown in FIGs. 2A-2C, the disclosed AUV
comprises buoyant body 201 coupled to pressure vessel
or housing 211 that is connected to one or more landing
fins 221a, 221b. Pressure vessel 211 may incorporate
all or substantially all of the electronics and batteries of
the AUV. In some embodiments, some of the AUV elec-
tronic components (such as transducer 243 or homing
beacon/guide 241 or thrusters 231a, 231b) may be lo-
cated exterior to the pressure housing and be coupled
to the electronics within the pressure housing via one or
more direct or indirect connectors. Landing fins 221a,
221b may be configured to help couple the AUV to the

seabed, and may be attached to pressure vessel 211 (as
shown in FIG. 2B) or to body 201. In one embodiment,
each fin 221a, 221b protrudes substantially perpendicu-
lar to the surface of the pressure vessel such that the two
fins may be between 30 degrees and 180 degrees apart,
or more particularly between 60 degrees and 120 de-
grees apart. Fins 221a, 221b also assist in movement of
the AUV in a body of water. The AUV comprises a pro-
pulsion system configured to propel and/or steer the AUV
in a body of water. In one embodiment, the propulsion
system may comprise one or more thrusters, such as
one or more vertical thrusters 233 and one or more hor-
izontal thrusters 231a, 231b. The AUV may also com-
prise a guidance system configured to guide the AUV to
a particular location/destination in a body of water and/or
a navigation system configured to determine the position
of the AUV within a body of water. In one embodiment,
the guidance system may comprise and/or be coupled
to transducer 243, which may be located on an exterior
portion of the body 201 or pressure vessel 211. In one
embodiment, transducer 243 is fastened to an exterior
portion of pressure vessel 211 but protrudes through an
opening in body 201. The AUV may be configured to
travel to at least 3000 meters beneath the surface of a
body of water and record seismic signals at the bottom
of the seabed with one or more seismic sensors (not
shown).
[0027] Body 201 is comprised of a positively buoyant
flotation material that partially offsets the remaining neg-
ative buoyant components of the AUV, thereby making
the overall buoyancy of the AUV slightly negative. In other
words, while the AUV main body is positively buoyant,
the remaining components (e.g., the pressure vessel,
landing fins and other attached components) are nega-
tively buoyant such that the overall buoyancy is slightly
negative. The flotation material may be made of a mate-
rial with a plurality of air cells or pockets. In one embod-
iment, the floatation material is made out of microsphere
syntactic foam, which is comprised of resin and hollow
glass microspheres. The syntactic foam is available in a
range of densities and is formulated to meet depth and
buoyancy requirements down to 10,000 meters. The syn-
tactic foam may be fully casted and/or machined to the
specific configurations of the AUV body shape and there-
after coated with one or more layers of protective skins
for improved impact resistance, reduced water absorp-
tion, and reduced drag in the water. The protective coat-
ing may also have anti-fouling properties to prevent or
slow down any undesired marine biological growth. In
other embodiments, the floatation material may also be
casted in a pre-made polyethylene (PE) coated or similar
plastic coating rotation mold. In one embodiment, the
buoyant body of the AUV is cast as a single foam struc-
ture, such that the main body and the contoured wings
form a monolithic and/or single structure. In other em-
bodiments, the foam body may comprise separate por-
tions that are integrated together, such that the buoyant
main body may be removably attached to one or more
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buoyant wing sections. The configuration and design of
the buoyant wings creates increased lift, such that only
horizontal thrust is needed during normal AUV flight with-
in a body of water. In other words, once the AUV lifts off
the seabed or other resting place and has reached its
cruising speed, the lift created from the wing shape of
the foam is great enough to balance out the negative
buoyancy of the vehicle. Thus, during normal flight op-
erations, the vertical thruster is used only for depth control
and to maintain level flight. While this design may in-
crease the overall complexity of the AUV shape, it de-
creases the overall power needed to move the AUV in a
body of water and the number of thrusters required, there-
by decreasing the size (and weight), complexity, and cost
of the necessary power supply, and thereby decreases
the overall cost of the AUV. Various embodiments of
buoyant body 201 are possible, as described below in
more detail in relation to FIGs. 4A-4C.
[0028] In one embodiment, pressure vessel 211 holds
substantially all of the electronic components of the AUV,
including any seismic sensors, batteries, processors, da-
ta recording units, memory units, motors, etc. In one em-
bodiment, the hydrophone is mounted directly into an
exterior portion of the pressure vessel for exposure of
the hydrophone to the water. In one embodiment, the
hydrophone is casted or glued to the inside of the pres-
sure vessel hull or to the titanium center hub (see FIGs.
5 and 6). Any combination of seismic sensors is possible.
In one embodiment, if a 4-component (4C) survey is de-
sired, the seismic sensors may comprise a hydrophone
and three or more particle velocity sensors (e.g., geo-
phones, accelerometers, etc.). In one embodiment, the
geophones are mounted in a rigid mechanical structure
within the pressure vessel to mechanically couple the
geophones to the pressure vessel (which is mechanically
coupled to the landing fins) to obtain good fidelity of the
seismic signals.
[0029] One problem with conventional seismic AUVs
and sensors is the use of external cables, wires, and/or
connectors outside of any pressurized vessel. Each elec-
trical component (e.g., motor, sensor, battery, antenna,
propeller, etc.) requires an electrical connection. Harsh
conditions (such as extreme pressures and temperatures
existing at or near the seabed, along with corrosion is-
sues caused by seawater) cause many problems with
electrical connections and components exposed to the
sea, often times leading them to fail and/or have a short-
ened life. While it is desired to reduce the number of
electrical components and connections outside of a sin-
gle pressure vessel, existing designs of seismic AUVs
have not been able to solve this problem. Thus, in one
embodiment, the disclosed AUV eliminates all or sub-
stantially all of the electrical cables and connectors out-
side of the pressure vessel by using a central electrical
hub (see FIGs. 5 and 6) that may connect each piece of
external equipment to pressure vessel 211.
[0030] In one embodiment, pressure vessel 211 is sub-
stantially cylindrical and may be comprised of a single

cylindrical housing with two hemispherical endcaps, such
that when integrated together the pressure vessel is ca-
pable of withstanding pressure depths of 3000 meters or
more beneath the water surface. In contrast to prior art
AUV designs, this cylindrical design provides a cost ef-
fective configuration for the pressure housing; however,
such a uniform shape to the pressure vessel creates ad-
ditional problems, such as electrically connecting many
of the operational components that are needed for an
AUV (such as propellers, sensors, acoustic devices,
etc.). The pressure vessel is coupled to the lower side of
the buoyant body, as shown in FIG. 2B. The pressure
vessel may be located on the bottom of the buoyant body
(such as that shown in FIG. 3A) or may fit within a con-
toured opening, recess, or pocket of the AUV, such as
that shown in FIG. 2B. Pressure vessel 211 may be made
of carbon fiber, titanium, aluminum or other material. As
one example, using a composite material such as carbon
fiber as the primary material in the pressure vessel de-
creases the overall weight of the AUV; thus, the size of
the buoyancy material can be reduced to maintain the
same desired buoyancy in the water. This decreased
weight (based on a less dense material) is beneficial to
reduce the overall size, weight, and cost of the AUV. An-
other advantage of a carbon fiber pressure vessel is that
acoustic signals will penetrate the wall of the carbon fiber
tube, which may allow an altimeter to be placed inside
of the pressure vessel in contact with a portion (such as
the bottom) of the pressure vessel. In some embodi-
ments, a first portion of the pressure vessel is made of a
first material (such as carbon fiber) and a second portion
of the pressure vessel is made of a second material (such
as titanium or anodized aluminum). The first material may
be less dense than the second material to reduce the
overall weight of the AUV. In another embodiment, the
pressure vessel semispherical endcaps may comprise a
first material and a hub connector ring may couple the
two endcaps and comprise a second material. In one
embodiment the endcaps are partially or substantially
non-metallic and the hub connector ring is substantially
metallic.
[0031] In one embodiment, the AUV comprises a plu-
rality of landing skids and/or fins. Skids and/or fins may
protrude from the pressure vessel and/or be coupled to
the pressure vessel, and may be any variety of material
compositions, including plastic and/or metal. In one em-
bodiment, a first fin is arranged at approximately 90 de-
grees from a second fin. The fins may be arranged in
numerous configurations, including from approximately
30 degrees or less to approximately 180 degrees in re-
lation to each other, and preferably between 60 degrees
to 120 degrees. The fins provide stabilization to the AUV
during movement of the AUV in the water and while rest-
ing on the seabed floor, and thereby also function as
stands. The landing fins also produce lift when the AUV
is moving forward with at least a minimal upwards attack
angle. Further, the fins provide increased contact to the
seabed and provide increased seabed coupling for the
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seismic sensors. In one embodiment, each fin comprises
two protrusions or ends at the corners for increased pen-
etration into and coupling with the seabed, such that the
AUV is configured to couple to the seabed at four sepa-
rate points (two points on each landing fin). This stabilizes
the vehicle on the bottom, especially in uneven bottom
surface. In one embodiment, the landing fins and pres-
sure vessel are arranged such that in soft seabed situa-
tions the pressure vessel is configured to slightly sink
into the seabed sediment for increased seabed coupling
to the AUV sensors. In these cases the bottom of the
pressure vessel may be resting on the seabed.
[0032] In one embodiment, the propulsion system of
the AUV may comprise a plurality of thrusters, and in one
embodiment may include one vertical thruster 233 locat-
ed in a front portion of the AUV and two horizontal thrust-
ers 231a, 231b located substantially in the middle portion
of the AUV near the center of buoyancy (COB). In some
embodiments, the horizontal thrusters are located sub-
stantially in the rear portion of the body as viewed longi-
tudinally. In one embodiment, each horizontal thruster is
located in a circular opening or recess 203a, 203b un-
derneath the contoured wings of body 201. The efficient
design of the AUV, as well as the center of buoyancy and
center of gravity (COG), provides an inherent stability of
the AUV in which a minimal number (such as three)
thrusters is needed for stable flight within a body of water.
In one embodiment, the AUV is configured to provide a
high separation between the COB to the COG, as in-
creasing the COB to COG distance will increase the sta-
bility of the AUV in a body of water thereby requiring a
less complex control system.
[0033] The thrusters may be propellers, impellers,
and/or jet nozzles. Each thruster may be coupled to a
motor or water pump that is powered by a power supply.
Each thruster may be selectively and independently op-
erated and controlled, such that for any particular move-
ment and/or operation, one, two, or three of the thrusters
may be simultaneously operated. The thrusters are con-
figured to rotate in opposing directions as appropriate.
For example, vertical thruster 233 may rotate in a first
direction to provide positive vertical lift (e.g., move the
nose of the AUV up) and may be configured to rotate in
a second direction to provide negative vertical lift (e.g.,
move the nose of the AUV down). Similarly horizontal
thrusters 231a, 231b may be configured to rotate in a
first direction to provide forward movement and in a sec-
ond direction to provide backwards movement. Each of
the horizontal thrusters may be configured to operate in
counter-rotating propeller mode (e.g., rotate in separate
directions and still provide the same lateral movement)
for increased AUV flight stability, such that the angular
momentum and/or torque developed by the propellers is
balanced and/or cancelled out. In other embodiments, a
plurality of vertical thrusters may be used, such that a
first thruster is located substantially in the front section
of the AUV and a second thruster is located substantially
in the rear section of the AUV. In still other embodiments,

each buoyant wing of the AUV may be coupled to a ver-
tical thruster, such that the AUV has four vertical thrusters
(one at the front, one at the back, and one on each wing).
In one embodiment, vertical thruster 233 is mounted in
an opening in the buoyant body, and each horizontal
thruster 231a, 231b is mounted under a rear portion of a
wing.
[0034] In still other embodiments, each thruster is con-
figurable between a first position to provide substantially
lateral movement and a second position to provide sub-
stantially vertical movement, such that each thruster may
act as both a vertical and horizontal thruster depending
on the angle/configuration of the thruster. In one embod-
iment, the thrusters are any commercially available
thrusters configured to create a certain amount of thrust
in a given direction in a body of water. In other embodi-
ments, the thrusters are specially designed thrusters for
optimal weight, design, and speed, size, and thrust con-
siderations. In one embodiment the thruster uses a two-
blade propeller, but in other embodiments, three, four or
more bladed propellers may be used. In one embodiment
the motor driving the thruster is a direct drive DC brush-
less motors for low noise in noise sensitive applications.
In one embodiment the AUV uses rim driven thrusters.
Rim driven thrusters significantly prevent the risk of a
rope, cable, or similar deployment line from being trapped
in the propeller of the thruster. In a rim driven thruster,
the center of the propeller is "open" with the propellers
or fins being rotated by the rim or outer periphery of thrust-
er driving the propellers, such that a rope can pass
through without catching.
[0035] Vertical thruster 233 creates a force either up-
wards or downwards depending on its rotation direction.
In one embodiment, vertical thrust is not utilized to sig-
nificantly move the AUV vertically in a body of water, but
can be used for depth control and/or to maintain level
flight. In other words, vertical thruster 233 is not used
during normal flight mode of the AUV in a body of water.
However, vertical thruster 233 is used during take off
from and landing on the seabed (as more easily de-
scribed in relation to FIGs. 7A-7E). It is also used when
the speed through water is not sufficient to create the
necessary lift if the vehicle to keep level flight. In one
embodiment, vertical thruster 233 is configured to in-
crease the coupling of the AUV to the seabed. For ex-
ample, as the AUV approaches the seabed, vertical
thruster 233 may be operated to create a downward force
such that the AUV is planted deeper into the seabed than
otherwise possible without the suction. In other embod-
iments, vertical thruster 233 is used to liquefy the bottom
of the seabed where there is sediment on the seabed.
As another example, vertical thruster 233 may be used
during take-off to push water downwards to liquefy sed-
iments and/or bottom composites on the seabed to re-
duce and overcome any suction effect. At the same time,
the downward push of water will create an upwards force,
also helping to release the AUV from the bottom. Thus,
when taking off from the seabed, and if necessary to over-
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come bottom suction or otherwise escape entanglement
on the seafloor, maximum vertical thrust may be used to
create an upwards angle of the AUV before horizontal
thrusters are engaged for takeoff from the seabed.
[0036] In one embodiment, the AUV is specifically de-
signed to be heavier in seawater to allow prolonged de-
ployment on the seabed. In other words, the AUV is not
neutrally buoyant in a body of water, and to compensate
for this negative weight, the AUV is configured with a
vertical thruster located near the nose of the AUV (such
as vertical thruster 233) and a form lift is created by the
AUV body as it travels through the water at a cruising
speed under power from the horizontal thrusters (such
as horizontal thrusters 231a, 231b). Thus, the form lift
shape (such as body 201 or body 301) allows a perma-
nently negatively buoyant AUV in a water column to be
suspended during horizontal transit without additional
vertical thrusters / power. If horizontal speed is de-
creased, the upwards lift decreases and the negatively
buoyant AUV sinks; if horizontal speed is increased, the
upwards lift increases to overcome the negative buoy-
ancy and the AUV rises. To maintain level flight, the AUV
control algorithm may slightly change the vehicle pitch
angle. This is in contrast to existing AUV devices, which
typically have some type of buoyancy change device (wa-
ter expulsion, inflatable bag, weight release, etc.) to alter
the buoyancy of the AUV to move it from one position to
another position (such as from the water surface to the
seabed).
[0037] FIGS. 3A-3C illustrate various views of an AUV
according to another embodiment of the present disclo-
sure. FIG. 3A illustrates a front perspective view, FIG.
3B illustrates a side view, and FIG. 3C illustrates a front
view. The seismic AUV and components thereof de-
scribed in FIGs. 3A-3C is substantially similar to that de-
scribed in FIGS. 2A-2C. For example, the disclosed AUV
comprises buoyant body 301 coupled to a pressure ves-
sel with a first forward part 311 (such as one half of a
tube) and second rear part 313 (such as one half of a
tube) that is connected to one or more landing fins or
landing frames 321, 323. The pressure vessel may in-
corporate all or substantially all of the electronics (such
as the Digital Autonomous Recorder (DAR) and memory)
and batteries of the AUV. The AUV may comprise three
thrusters, with one vertical thruster 333 located in a sub-
stantially front portion of body 301 and two horizontal
thrusters 331a, 331b mounted on either side of the pres-
sure vessel. The pressure vessel may have a first part
or portion 311 and a second part or portion 312, each
with an end in the general shape of a hemisphere, and
coupled by a metallic ring connector 313 that may acts
as a stiffening ring or connector for the pressure vessel.
The hemispherical ends may be metallic or non-metallic,
and may be a different material than the rest of pressure
vessel first portion 311 and second portion 312. The first
hemisphere end may have a first connector 347 located
substantially in the middle of the end configured for data
transfer (e.g., Ethernet port) and/or power charging, and

the second hemisphere end may have a second connec-
tor 345 located substantially in the middle of the end con-
figured for powering and/or electrical communications
with the vertical thruster.
[0038] This alternative embodiment shown in FIGs.
3A-3C show that the landing fins may be connected by
a substantially straight stabilizing bar 325. Thus, front
landing frame 321 and rear landing frame 323 may be
coupled via frame stabilizer 325, all of which may be con-
sidered as a frame assembly surrounding the pressure
vessel instead of isolated landing fins as shown in FIGs
2A-2C. In one embodiment, a landing frame assembly
(e.g., legs 321, 323 and stabilizing bar 325) fastens
and/or couples the pressure vessel to the buoyant body.
The landing frame assembly acts as a stand while the
AUV is on the seabed, on a subsea device (e.g., cage,
basket, skid, ROV), or on the back deck of a marine ves-
sel. The frame assembly also acts to seismically couple
the AUV to the seabed. The pressure vessel attaches
beneath buoyant body 301 instead of being placed within
a contoured portion of the buoyant body as in FIGs. 2A-
2C. Further, buoyant body 301 is simplified as compared
to buoyant body 201. For example, buoyant body 301 is
in the approximate shape of a contoured half cylinder,
such that an upper portion of the body is substantially in
the shape of a hemisphere and the lower portion is sub-
stantially flat. While vertical thruster 333 resides in a front
portion of the AUV (and more particularly within a cutout
of buoyant body 301), horizontal thrusters 331a, 331b
are placed near a middle section of the AUV. Each thrust-
er may be coupled to a motor or similar device. For ex-
ample, vertical thruster 333 (e.g., propeller and nozzle)
may be coupled to motor 363, and horizontal thrusters
331a and 331b (e.g., propeller and nozzle) may be cou-
pled to motors 361a and 361b, respectively. In one em-
bodiment, the thrusters can be connected to the pressure
vessel (and internal electronics thereof) by pressured
sealed connectors or penetrators, while in another em-
bodiment the thrusters are coupled in a cable-less man-
ner by corresponding flat surface electrical connections
on the thruster and pressure vessel. Each such flat sur-
face connection may be sealed by an O-ring. In still other
embodiments, the flat surface connection may comprise
cables that pass between a hole/channel on the inside
of the O-ring seal. Such connections can be used for
other external electronic devices besides thrusters.
[0039] Shown in more detail in FIGs. 3A-3C are various
components of the AUV attached to an exterior portion
of the AUV. For example, acoustic device 343 (such as
a transducer) is located on an upper section of body 301.
In one embodiment, transducer 343 is mounted on top
of the pressure vessel to titanium ring or hub 313 to elim-
inate cables and connectors. Transducer 343 may pro-
trude out through an appropriately sized opening of the
buoyant body of the AUV (such as opening 415b in FIG.
4C). The transducer is configured to acoustically com-
municate with another subsea device, whether it is an-
other AUV, an ROV, a cage, a subsea station, or an
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acoustic system of a surface vessel. Based on commu-
nications with a separate device, the location of the AUV
may be communicated to the AUV and/or determined by
a navigation system of the AUV. In still other embodi-
ments, navigation instructions are provided to the AUV
by a separate subsea device, such that a navigation sys-
tem is not necessarily needed on the AUV. In one em-
bodiment, transducer 343 is a cNode transducer that is
coupled to a Kongsberg Maritime mPAP or HIPAP or oth-
er similar acoustic communications system on a surface
vessel. Such a system is configured to support a SSBL
or other acoustic system. The transducer shape may be
custom-designed to have the least drag coefficient pos-
sible to minimize vehicle drag through the water. This will
in turn reduce the need for energy stored in the batteries.
In one embodiment, hydrophone 349 is mounted on a
side of the pressure vessel, such as on metallic ring 313.
[0040] Homing and docking array 341 is located on a
front portion or nose of the AUV and is configured for
automatic homing into a retrieval device or basket. For
example, in one embodiment one or more transmitters
may be located on a retrieval device or basket that trans-
mits a tone or ping for the homing array to navigate to-
wards. Homing array 341 may be made up of several
sensors arranged in an array, and when it approaches
the transmitter it can use this array to detect the trans-
mitted signals and determine which direction the AUV
needs to fly to reach the destination. The closer the AUV
gets to the transmitter, the more accurate that the homing
array will be able to navigate the AUV to the destination
position. In one embodiment, the homing array is directly
attached to the pressure vessel to eliminate external ca-
bles, while in other embodiments a cable is run from the
pressure vessel to the homing array.
[0041] In one embodiment, altimeter 348 is mounted
on the exterior hull of the pressure vessel, such as on
the bottom or side of the pressure vessel. The altimeter
measures the altitude of the vehicle over sea bottom,
which is an important parameter in case of dead reckon-
ing of the AUV. The altimeter may also assist in the land-
ing process of the AUV, as it is an important sensor to
determine the AUV’s height over the seabed. In another
embodiment, the altimeter may be mounted on the inside
of the pressure vessel, which may be possible if the pres-
sure vessel (or portions thereof) is made of carbon fiber
or other composite material. Mounting the altimeter in-
side the pressure vessel tube provides many benefits,
including reducing an electrical connection through the
pressure vessel, which reduces the risk of failure in case
of water ingress. An additional benefit is that it removes
the need for the altimeter to have a full depth rating of
3000 meters (or other high depth water pressure typical
on the ocean bottom), since the altimeter may now be
mounted inside of the pressure tube. Thus, the resulting
altimeter is less complex, less likely to fail, and is less
expensive.
[0042] FIGS. 4A-4C illustrate various views of buoyant
body 201 according to various embodiments of the

present disclosure. The body is positively buoyant and
comprises a flotation material. As shown in FIG. 4A,
buoyant body 410 may have a substantially flat upper
section 411 and a substantially flat lower section 413,
each with or without rounded edges. This configuration
provides enhanced conditions for an ROV suction device
to connect to the top of the AUV. Further, a substantially
flat design of the buoyant body is also easier and cheaper
to machine than a more complex or contoured shape. As
shown in FIG. 4B, buoyant body 420 may be in the ap-
proximate shape of a half cylinder, such that an upper
portion of the body 421 is rounded in the shape of a hem-
isphere and the lower portion of the body 423 is substan-
tially flat. In another embodiment, as shown in FIG. 4C,
buoyant body 430 is substantially flat on top portion 431
with one or more contoured buoyant wings on the sides
that are shaped downwards, such that lift is created dur-
ing movement of the AUV in water, similar to lift created
by an airplane during flight. The buoyant wings are at-
tached to and/or form part of the main body, such that
the body and wings are both comprised of the same flo-
tation material. The buoyant wings extend out from a
main portion of the buoyant body and arch over such that
half of a hollow cylinder 433 is formed under each wing.
The buoyant bodies may have one or more openings to
receive an electronic component, such as openings
415b, 425b, 435b to receive an acoustic transponder or
openings 415a, 425a, 435a to receive a vertical thruster.
FIG. 4C shows an embodiment that comprises opening
437 located on a front portion of the buoyant body and
configured to receive an acoustic beacon and/or homing
device and/or other external device.
[0043] FIGs. 5 and 6 illustrate similar but alternative
embodiments of a pressure vessel of the disclosed AUV
in an exploded view. FIG. 5 illustrates pressure vessel
500, which may be substantially similar to the pressure
vessels of FIGs. 2 and 3. In one embodiment, pressure
vessel 500 comprises first end 511 and second end 521,
coupled together by hub connector ring 501. Each of the
ends may be substantially hollow, thereby forming a cav-
ity 525 to hold portions of the AUV electronics. Similarly,
hub connector ring 501 may comprise a cavity section
503 to hold portions of the AUV electronics. Ring 501 sits
in the middle of the pressure vessel in such a way that it
connects two pressure vessel halves or portions of the
pressure vessel together, and may act as a stiffening ring
for the pressure vessel. Each end may comprise a sub-
stantially hemispherical portion, such as first hemisphere
513 and second hemisphere 523. Each end may be com-
prise one or more holes or openings 515 to receive an
electrical connector or penetrator for any electronics
components of the AUV to be mounted exterior to pres-
sure vessel 500. The ends 513, 523 may be different in
material than first and second parts 511, 521. In other
embodiments, the pressure vessel may comprise a plu-
rality of rings 501 that connects different components of
the pressure vessel together. In one embodiment, pres-
sure vessel 500 comprises one or more exterior sections
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or components that form the housing of the pressure ves-
sel to be made of carbon fiber. In one embodiment, each
first and second end 511, 521 comprises a substantially
carbon fiber material, and connector 501 comprises a
metallic (such as titanium) ring or tube. Metallic ring 501
may be integrated with the carbon fiber end caps tubes
511, 521 in a way to provide structural support for the
pressure vessel and/or make it more rigid and/or stiff. In
one embodiment, carbon fiber tube halves 511, 521 com-
prise titanium flanges (not shown) glued or casted onto
the carbon fiber tubes for increased coupling / fastening
to the metallic ring 501. The titanium flanges may act as
an O-ring or other sealing surface and mount on ring 501
with a dual O-ring seal that seals against the external
sea water. In some embodiments, ring 501 may also be
used as a central hub for electrical connections, thereby
eliminating the need for electrical cables to any external
components. Thus, in one embodiment, external com-
ponents of the pressure vessel (such as connectors,
thrusters, transducers, etc.) may be configured to mate
with a titanium flange or ring portion 501 of pressure ves-
sel 500. In one embodiment, an external device may be
connected directly to O-ring flanges on the titanium hub
501 thereby providing a cable-less penetrator solution.
[0044] Various penetrators may be machined into ring
connector 501 for external connections to the pressure
vessel, thereby eliminating the need for external cables.
For example, ring 501 may comprise one or more open-
ings 505 to receive an external electronic device such as
an acoustic transducer. Any connectors / penetrators that
couple to the pressure vessel may have O-ring seals that
prevent the surrounding seawater to enter into the pres-
sure vessel. For example, in one embodiment, two hor-
izontal thrusters (such as thrusters 231a, 231b) are con-
figured to mount onto pressure vessel 500 such that no
external cables connect the pressure vessel to the thrust-
ers. In this embodiment, the connection between the hor-
izontal thrusters and the pressure vessel may be made
by a penetrator in the titanium ring. Likewise, in some
embodiments, the vertical thruster (such a thruster 233)
is configured to also mount directly to the pressure vessel
to avoid external cables, while in other embodiments a
cable connects the vertical thruster to the pressure vessel
(similar to the embodiment in FIGs. 3A-3C). Other com-
ponents may similarly be connected directly to the pres-
sure vessel through a penetrator in the titanium ring, such
as a transponder, a connector, a PRV (pressure relive
valve), a DVL (Doppler Velocity Log), an altimeter, a hy-
drophone, etc. As is standard in the art, the pressure
vessel may also be configured with an external data con-
nection port, such that data may be exchanged with the
AUV and the batteries within the AUV recharged by phys-
ical connection of a wire/plug to the AUV. The connector
may be placed in any position of the pressure vessel,
such as on one or more ends or sides of the pressure
vessel, or even on the center/pole end of the carbon fiber
tube. In other embodiments, such power and/or data
transfer is performed wirelessly. Ring 501 may also com-

prise one or more substantially flat sections 507 config-
ured to make a flat surface for the different components,
connectors, or penetrators to mount directly to the pres-
sure vessel.
[0045] As described earlier, FIG. 6 is substantially sim-
ilar to FIG. 5. Both embodiments include an electric hub
(such as titanium ring 601) that sits in the middle of pres-
sure vessel 600 in such a way that it connects two pres-
sure vessel portions or halves 611, 621 together. Further,
FIG. 6 shows a metallic lid or end cap 623 that is perma-
nently bounded to the carbon fiber cylinders at each end,
which may be flat (shown) or substantially hemispherical
(not shown) for increased pressure resistance and re-
duced drag. Ring connector 601 comprises one or more
grooves 603 that are configured to receive pressure ves-
sel components 611, 621 on opposite sides of the ring.
Similar to FIG. 5, pressure vessel 600 has one or more
internal cavities and/or compartments to house and pro-
tect an electronics and battery package 640 within pres-
sure vessel 600. Various configurations of the electronics
and battery package 640 within the pressure vessel are
possible, as easily illustrated in FIG. 6. Portions of elec-
tronics and battery package 640 may reside partially or
substantially within first end 611, second end 621, and/or
ring connector 601.
[0046] In one embodiment, the geophones may be lo-
cated substantially in the center of the pressure vessel
such that they are located in the approximate center of
gravity (COG) of the AUV. Having the location of the geo-
phones in the center of the AUV increases the quality of
the of seismic data obtained by the geophones by having
consistent readings and positions of the geophones in
the AUV no matter the landing position/orientation of the
AUV on the seabed. Also, the effect of any rotation of the
AUV around its COG will have as low as possible impact
on the fidelity of the geophone signals when the geo-
phone array is mounted close to COG. In one embodi-
ment, the configuration of the components changes the
COG and/or center of buoyancy (COB) for the AUV. For
example, the batteries may be placed at an upper portion
of the pressure vessel for a center of gravity closer to the
center of the AUV, whereas the batteries may be placed
at the bottom of the pressure vessel if a lower center of
gravity is desired to maximize overall AUV stability and
to maximize COG and COB separation. The COB and
COG of the AUV may be varied based upon the coupling
of the pressure vessel to the buoyant body, as well as
the location of electronic components within the pressure
vessel itself. In one embodiment, the greater the distance
between the COG and the COB, the more stable the AUV
will be during flight, thereby reducing the complexity of
the control algorithm for AUV flight. In other embodi-
ments, the AUV may also have variable buoyancy so that
the AUV changes it buoyancy when it has landed to make
the AUV heavier for better coupling. Then before take
off, the AUV may make the buoyancy lighter for easier
lift off and because it is lighter, power is saved.
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OPERATION

[0047] FIGs. 7A-7E illustrate a series of operations
showing one embodiment of the takeoff operations for
an AUV 701 from the seabed 702 and related AUV con-
figuration. For simplicity, only FIG. 7A specifically refer-
ences the AUV as 701 and the seabed as 702. In an
initial position as shown in FIG. 7A, the AUV is resting
on the seabed. After seismic recording is performed, a
signal may be sent to the AUV to wake up, turn on, and
begin to provide a vertical force 711 from the vertical
thruster. In a first phase as shown in FIG. 7B, the AUV
is given an upwards angle (such as between 15 to 90
degrees, between 30 to 60 degrees, or approximately 45
degrees) in relation to the seabed by operation of the
vertical thruster with a vertical force 721. A horizontal
force may or may not be provided by one or more hori-
zontal thrusters in this phase. In a second phase as
shown in FIG. 7C, once the vehicle nose begins to lift a
certain amount, the two horizontal thrusters are engaged.
At the upwards attack angle, the horizontal thrusters pro-
vide both a vertical lift and a horizontal force 732 while
the vertical thruster provides a vertical thrust 731. As
shown in FIG. 7D, the vertical thrust 741 may be de-
creased while still maintaining horizontal thrust 742.
When the vehicle has lifted fully from the seabed, the
vertical thrust may be gradually reduced while the AUV
increases its speed through the water. In a third phase,
once the AUV reaches approximately cruising speed, the
shape of the buoyant body of the AUV creates sufficient
lift with horizontal force 752 such that the vertical thruster
is only used for depth maintenance as required by a pos-
itive vertical force 751a or negative vertical force 751b.
Once the AUV is off of the seabed or other resting loca-
tion, the vertical thruster is typically only used for depth
and level control of the vehicle, as sufficient lift is created
by the buoyant body design. Thus, the vertical thruster
is configured primarily as pitch control and not for signif-
icant changes in depth. In some embodiments, the ver-
tical thruster is not used at all during normal flight of the
AUV. In one embodiment, the thrusters are designed to
have a braking mechanism, so that when the AUV vehicle
is in recording mode at the seabed and the AUV propul-
sion control is turned off, a brake mechanism may be
activated to prevent the propeller blades to turn. This is
important because in some situations with water current,
the propeller blades may unintentionally turn in response
to the water current, which would generate noise that is
detectable by the seismic sensors. Thus, the propeller
braking mechanism minimizes seismic disturbances
generated by sea current influences on the vehicle. The
braking mechanism may be a mechanical based system
or device. In another embodiment, the braking mecha-
nism may be a property of the motor itself, such that the
motor requires a relatively high force to turn the motor
around.
[0048] In other embodiments (particularly if the batter-
ies of an AUV is depleted or the AUV has operational

errors), to retrieve the AUV after deployment, a flat cir-
cular area on the top part of the AUV body is provided
so that a suction device mounted to the end of the ROV’s
manipulator arm may be used to pick up and move the
AUV. In another embodiment, the area on top of the AUV
can be slightly curved and the suction device made to fit
with the body curve or shape of the AUV. In one embod-
iment, the suction tool for the ROV may also have a guid-
ing frame or feature to ease the placement of the suction
on top of the AUV, which makes it easier for an ROV
operator to correctly hit the top AUV surface with a suction
tool. In other embodiments, the AUV may comprise a
lock or latch for coupling to an ROV instead of the use
of a suction device, such that the ROV may move the
AUV from a first location to a second location subsea
without using a suction device (which is common for ROV
placement of marine seismic nodes). In other embodi-
ments, the AUV may comprise a guide latching mecha-
nism to dock the AUV to an ROV or other subsea station,
which may operate similarly to an ROV docking system,
such that the AUV may have a female receptacle and
the ROV (or other device) may have a corresponding
male probe (or vice versa). In one embodiment, the AUV
may fly directly into a basket guided by a homing array.
[0049] The versatility of the disclosed seismic AUV al-
lows it to be utilized in a wide variety of subsea deploy-
ment and retrieval operations. For example, the AUV is
configured to move to a particular subsea location based
on a transducer on the AUV communicating with another
subsea device or surface vessel. The AUV can be
dropped and/or deployed from a surface vessel and trav-
el near or to the seabed at a predetermined location
based on predetermined positions. After the desired
number of seismic surveys has been performed with the
AUV on the ocean bottom, the AUV may travel back up
to the surface vessel for recovery. However, this method
requires a larger power supply on the AUVs, which in-
creases the weight, cost, and size of the AUV. As another
example, the AUV may be deployed with an ROV, skid,
cage, or subsea station from a surface vessel and be
positioned on or near the seabed, similar to the method
described in Applicant’s U.S. Patent Publication No.
2016/0121983. The AUVs may be instructed to deploy
from the ROV, skid, cage, or subsea station to a prede-
termined location on or near the seabed for seismic data
recordings. In other embodiments, instead of instructing
the AUV to fly to a predetermined position, the AUV may
receive range and bearing to the target updates at regular
intervals. The AUV may then calculate the necessary ac-
tion to reach the target destination. In yet another em-
bodiment, the AUV is directly guided from the onboard
acoustic positioning system. In this mode, the AUV may
receive instructions of heading, speed, and pitch in its
route and/or path to the target destination. In some em-
bodiments, an ROV or subsea station may be coupled
to a cage with the AUVs and transfer those AUVs to the
ROV or subsea station for deployment. Likewise, for re-
covery, the AUVs may travel to the ROV, skid, cage, or
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subsea station after the seismic survey is completed. The
ROV may or may not facilitate recovery of the AUV into
the intended recovery station. Likewise, in some situa-
tions, a robotic manipulator arm of an ROV may be used
to grab, place, or position a plurality of AUVs from one
subsea location to another subsea location. For example,
a plurality of AUVs may be commanded to travel to a
particular subsea location on the seabed, and the ROV
may then travel to that subsea location and grab each of
the AUVs and place them in a skid of the ROV or a subsea
basket or station. In some embodiments, an ROV is used
to recover the AUVs only and is not used to deploy the
AUVs. In some embodiments, an ROV is not used at all
and an intelligent subsea station configured with an
acoustic system is used to facilitate deployment and re-
trieval of the AUVs. In general, the particular deployment
and recovery method of the AUVs is not limited by this
invention.
[0050] In operation, and as one example, once on or
near the seabed (by any number of mechanisms), a plu-
rality of AUVs may self-navigate to their predetermined
deployment locations on the seabed based on position
updates that are provided by a SSBL/USBL navigation
system that is mounted on a surface vessel, a ROV, or
subsea station (such as a cage). These positions may
be provided in geographic coordinates (e.g., the WGS-
84 reference system). The position information may be
sent to each AUV via an acoustic communication link,
such as a Cnode transducer on each AUV. The data com-
munication packet also stimulates a reply ping from the
AUV that is then used to establish its position by the SS-
BL/USBL system. In a different navigation method, in-
stead of receiving or determining its position, the AUV
may be given the range and bearing to its target on the
seabed. In yet another navigation method, the AUV may
not be given a position or range/bearing, but rather com-
mands of which heading, speed, pitch, and altitude to fly.
There are many possible ways for the AUV to navigate
to an intended destination point, and the methods men-
tioned here is not meant to limit the disclosed AUV to any
of those specific methods mentioned herein.
[0051] In one embodiment, one or more ROVs are de-
ployed from a dynamically positioned surface vessel,
along with cages or baskets that contain a plurality of
AUVs. In one embodiment, each cage carries a plurality
of trays with a plurality of AUVs on each cage. The ROV
removes trays from these baskets, and may carry a plu-
rality of AUVs (such as 6, 9, 12, 15, or more) on the
beginning of each deployment cycle. The ROV may move
to a central line in a plotted seabed grid; as the ROV
moves along the line, each AUV stays in wait mode until
it is updated via an acoustic command with a landing
position (or range and bearing updates at regular inter-
vals) and a command to deploy. The AUV then enters
transit mode and maneuvers out of the tray housed in
the ROV. Each AUV then transits to its assigned set down
location on the seabed, and as each AUV nears its as-
signed landing position, it switches to landing mode,

maneuvers to the set down position, and establishes that
its resting place is within the stipulated set-down position
accuracy by averaging the position updates it receives
from the ROV. Alternatively, if the AUV is receiving range
and bearing updates instead of operating with an abso-
lute position, the AUV may send a status update to the
onboard system when it has landed on the seabed. The
onboard acoustic system may then determine the landing
position via the acoustic system. The AUV then sends a
confirmation message with its location to the ROV or oth-
er subsea positioning station/device. The AUV then shuts
down the AUV control functions (including switching the
transponder to hibernate mode), leaving only the seismic
payload electronics package powered on. In other em-
bodiments, the cNode transducer is automatically shut
down or hibernated if it does not receive any pings or
interrogations for a set period of time from a separate
acoustic system. This procedure is repeated until the de-
sired number of AUVs is positioned on the seabed. At
this stage, the source vessel will travel along the prede-
termined source lines and fire the seismic source at the
predetermined positions, while the AUVs acquire the
seismic data.
[0052] After the seismic survey is completed, a coded
wakeup signal may be sent to one or more of the AUVs
to power on the AUV control functions. When taking off
from the seafloor, the vertical thruster may be used to
pitch the AUVs nose up off the seafloor, as discussed in
relation to FIGs. 7A-7E. The force from the vertical thrust-
er, in conjunction with the force from the horizontal thrust-
ers that now have a significant vertical component based
on the angle of the AUV, will lift the vehicle off the seafloor
and move the AUV in a particular direction. As this hap-
pens, the vertical thruster will gradually power down until
the required amount of upward force is achieved and the
vehicle moves forward at a stable altitude above the sea-
bed at a pitch angle of approximately between 5 and 15
degrees. As the vehicle gains speed, its body form begins
to generate lift. This allows the nose-mounted vertical
thruster to power down. At the intended transit/cruising
speed, the AUV generates sufficient lift to counteract its
negative buoyancy, such that the vertical thruster is used
only for depth control and to maintain level flight.

ELECTRONICS SYSTEM

[0053] In general, conventional seismic AUVs typically
"added on" a seismic electronics package to an existing
guidance and AUV control system of a traditional (e.g.,
non-seismic) AUV. Each system (e.g., an AUV control
system and a seismic payload control system) would
have its own battery pack, as well as separate electronic
components communicating between the systems. This
typical electronics system is inefficient and not integrat-
ed, making the overall seismic AUV more heavy, com-
plicated, likely to fail, and expensive.
[0054] FIG. 8 illustrates a block diagram showing one
embodiment of the electronics of the disclosed AUV,
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where the AUV control electronics is separate from the
seismic payload electronics. FIG. 9 illustrates a block di-
agram showing another embodiment of the electronics
of the disclosed AUV, where the AUV control electronics
is integrated with the seismic payload electronics. Thus,
FIG. 8 shows a separate control system for the AUV and
seismic payload and FIG. 9 shows a combined control
system for the AUV and seismic payload.
[0055] As shown in FIG. 8, the electronics system 800
of the AUV may comprise AUV control system 801,
acoustic guidance system 811, and seismic payload sys-
tem 821. AUV control system 801 comprises computer
802 for navigation control and thruster control. AUV con-
trol system 801 comprises serial port(s) for communicat-
ing with other components / sub systems, such as an
Ethernet or other data port to communicate with an ex-
ternal device, such as a computer system on the back
deck of a marine vessel. AUV control system 801 com-
prises one or more thruster control and motor drivers 803
for any thrusters or propulsion system on the AUV. In
some embodiments, the AUV control system may also
comprise altimeter 806, inertial measurement unit (IMU)
and/or attitude and heading reference system (AHRS)
sensor 807, a Doppler velocity log (not shown), and Eth-
ernet switch 804 to be able to share the Ethernet interface
with the seismic recorder. In one embodiment, AUV con-
trol system 801 is connected to battery control system
(BMS) 809 and to a plurality of batteries or battery packs
808. AUV control system 801 is configured to control the
flight of the AUV from one subsea position to another
subsea position (such as the intended seabed destina-
tion) based on input from acoustic guidance system 811.
[0056] Seismic payload system 821 comprises digital
autonomous recorder (DAR) 823 and seismic payload /
sensor package 825 that may consist of up to 8 channels.
In one embodiment, seismic payload 825 may comprise
three geophones and one hydrophone, providing a 4-
component (4C) setup. The disclosed embodiment al-
lows 4 additional components for additional sensors or
other components. DAR 823 is interfaced to both AUV
control system 801 and to cNode acoustic system 811.
DAR 823 is able to record continuous data on the seabed
for long time periods, such as months. DAR 823 is also
configured to interface with and control AUV control sys-
tem 801. In one embodiment, DAR 823 is the electronics
component that sends AUV control system 801 into a
hibernation mode and also to wake the AUV from the
hibernation mode after seismic recording is finished. In
addition to the seismic channels, DAR 823 may also com-
prise tilt meter (not shown) a that is configured to measure
tilt angles in X, Y, and Z directions for the AUV. The tilt
angles are also recorded by the DAR.
[0057] In one embodiment, acoustic guidance system
or module 811 consists of a cNode transponder with
transducer 813, transformer 815, and associated OEM
electronics board 817. Acoustic guidance system 811 is
coupled to and/or interfaces with DAR 823, which directs
the communications from guidance system 811 to either

itself (e.g., DAR 823) or AUV control system 801 depend-
ing on the type and destination of the command. Typi-
cally, during a flight of the AUV, cNode guidance system
811 will send position or range / bearing updates to the
DAR, which forwards these to the AUV control, so that
the AUV control system 801 can use the regular posi-
tional updates to determine how the thrusters shall be
controlled to reach the target destination.
[0058] In some embodiments to conserve power, the
AUV guidance system and propulsion system is powered
and/or switched off during seismic recordings. During
such periods of seismic data recording, there may be bio-
fouling operations occurring, where the AUV electronics
control briefly wakes up for a short period of time, turns
the propeller to prevent bio-fouling and then the AUV
electronics control system powers down. By having the
AUV control system electronics separate from the seis-
mic recorder electronics (as shown in FIG. 8), the AUV
control system may power itself off during the recording
period to preserve power, requiring the seismic recorder
to activate the AUV control system again when the re-
cording period is over.
[0059] As shown in FIG. 9, the electronics system 900
of the AUV may comprise a combined seismic payload
and AUV control system 901 and acoustic guidance sys-
tem 931. Combined seismic payload and AUV control
system 901 comprises DAR 903 that both records the
seismic data and also manages the AUV control func-
tions. Thus, DAR 903 integrates a conventional DAR
(such as DAR 823) with an AUV control system computer
(such as AUV control system 802). Sensor package 910
may be an eight channel sensor package similar to that
described in relation to FIG. 8.
[0060] Compared to prior DARs, DAR 903 is config-
ured with a computer system that can also handle the
computing needed for AUV navigation control and thrust-
er control. Compared to prior DARs, DAR 903 is config-
ured with motor drives for any propulsion system, such
as a plurality of thrusters, shown as blocks 911, 913, and
915, so that DAR 903 can direct control the thrusters.
Similar, DAR 903 is configured with serial ports to inter-
face with various other external devices, such as altim-
eter 917, IMU sensor 919, a homing array, etc. DAR 903
may be coupled to an interconnection or Ethernet board
921, which is coupled to acoustic guidance system 931
and is configured to communicate with an external device
for data and/or power transfer. Any internal Ethernet
switch existing in the prior art between the different com-
ponents of the AUV is removed, as only the DAR needs
to be connected to Ethernet / data connections. The DAR
is coupled to and/or comprises a battery pack and battery
control system (BMS) 923. The DAR may have a direct
connecting for charging the batteries. Similar to existing
FIG. 8, acoustic guidance system 931 comprises cNode
transducer 933, which provides receiving and transmit-
ting capabilities, and corresponding cNode OEM board
935.
[0061] The embodiment disclosed in FIG. 9 provides
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numerous benefits. For example, when the AUV has
landed in recording position, no computing power is
needed for AUV control anymore, so there will not be any
disturbance with the recording of the seismic data that is
found in conventional AUVs. As another example, the
integrated electronics package that combines and/or in-
tegrates the seismic recording components of a seismic
node with the guidance system of an AUV as shown in
FIG. 9 eliminates duplicative components, such as CPU,
batteries, battery charger, network switch, external con-
nector, etc. This also eliminates any necessary connec-
tion and handshake protocols and operations between
the two systems. In one embodiment, the combined seis-
mic system and the guidance system use a common pow-
er source, which reduces the AUV weight, cost, and com-
plexity and is thereby more reliable. Further, because the
weight and size may be reduced, less buoyancy is need-
ed, which is typically one of the highest cost drivers for
the overall cost of an AUV.
[0062] However, using a common power source (as
shown in FIG. 9) presents various challenges, such as
electronic interference and separate voltage require-
ments. In one embodiment, where the AUV and seismic
recorder electronic systems runs at the same time, the
seismic recorder is designed to run at the same voltage
as the AUV control to decrease any electrical interference
between the two systems. In another embodiment, where
the AUV and seismic recorder electronic systems oper-
ate at the same time and use the same power source, a
DC-DC step down converter may be switched on to en-
able the seismic recorder to be connected to the same
battery as AUV control (e.g., the Digital Autonomous Re-
corder (DAR) and other seismic recording devices typi-
cally operate on a lower voltage than the AUV control
system, which must be taken into account with a common
power source).
[0063] All of the methods disclosed and claimed herein
can be made and executed without undue experimenta-
tion in light of the present disclosure. While the apparatus
and methods of this invention have been described in
terms of preferred embodiments, it will be apparent to
those of skill in the art that variations may be applied to
the methods and in the steps or in the sequence of steps
of the method described herein without departing from
the concept, spirit and scope of the invention. In addition,
modifications may be made to the disclosed apparatus
and components may be eliminated or substituted for the
components described herein where the same or similar
results would be achieved. All such similar substitutes
and modifications apparent to those skilled in the art are
deemed to be within the spirit, scope, and concept of the
invention.
[0064] Many other variations in the configurations of a
node and the wireless systems on the node and/or vessel
are within the scope of the invention. For example, the
AUV may be of any configuration, and may be designed
to couple to the seabed or merely near the seabed. The
pressure vessel may or may not be comprised of carbon

fiber components or generally be in the shape of a cylin-
drical tube. The DAR may or may not be an integrated
computer that combines separate AUV control function-
ality into the DAR. It is emphasized that the foregoing
embodiments are only examples of the very many differ-
ent structural and material configurations that are possi-
ble within the scope of the present invention.
[0065] Although the invention(s) is/are described here-
in with reference to specific embodiments, various mod-
ifications and changes can be made without departing
from the scope of the present invention(s), as presently
set forth in the claims below. Accordingly, the specifica-
tion and figures are to be regarded in an illustrative rather
than a restrictive sense, and all such modifications are
intended to be included within the scope of the present
invention(s). Any benefits, advantages, or solutions to
problems that are described herein with regard to specific
embodiments are not intended to be construed as a crit-
ical, required, or essential feature or element of any or
all the claims.
[0066] Unless stated otherwise, terms such as "first"
and "second" are used to arbitrarily distinguish between
the elements such terms describe. Thus, these terms are
not necessarily intended to indicate temporal or other
prioritization of such elements. The terms "coupled" or
"operably coupled" are defined as connected, although
not necessarily directly, and not necessarily mechanical-
ly. The terms "a" and "an" are defined as one or more
unless stated otherwise. The terms "comprise" (and any
form of comprise, such as "comprises" and "comprising"),
"have" (and any form of have, such as "has" and "hav-
ing"), "include" (and any form of include, such as "in-
cludes" and "including") and "contain" (and any form of
contain, such as "contains" and "containing") are open-
ended linking verbs. As a result, a system, device, or
apparatus that "comprises," "has," "includes" or "con-
tains" one or more elements possesses those one or
more elements but is not limited to possessing only those
one or more elements. Similarly, a method or process
that "comprises," "has," "includes" or "contains" one or
more operations possesses those one or more opera-
tions but is not limited to possessing only those one or
more operations.

Claims

1. An autonomous underwater vehicle, AUV, (701) for
recording seismic signals on the ocean bottom dur-
ing a marine seismic survey, the AUV comprising:

a buoyant body (201; 301; 410; 420; 430) that
is comprised of a positively buoyant flotation ma-
terial;
a pressure vessel (211; 311; 500; 600) separate
from said buoyant body and coupled to an ex-
ternal lower side of the buoyant body, said pres-
sure vessel housing a plurality of electronic com-
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ponents, said pressure vessel (211; 311; 500;
600) comprising a first substantially non-metallic
end (311; 511; 611) coupled to a second sub-
stantially non-metallic end (312; 521; 621) by a
metallic connecting hub (313; 501);
a propulsion system configured to propel and
steer the AUV while travelling underwater; and
one or more seismic sensors (110; 821) located
within the pressure vessel and configured to
record seismic signals while the AUV is resting
on the bottom of the ocean.

2. The AUV of claim 1, wherein the first and second
ends comprise carbon-fiber.

3. The AUV of any of claims 1 to 2, further comprising
a plurality of electronic components (341; 343; 349)
external to the pressure housing and coupled to the
electronic components through the metallic connect-
ing hub (313; 501).

4. The AUV of any of claims 1 to 3, wherein the propul-
sion system comprises a plurality of thrusters (231;
233), wherein at least one of the plurality of thrusters
comprises a vertical thruster (233; 333) that is con-
figured to provide vertical lift to the AUV.

5. The AUV of claim 4, wherein the vertical thruster
(233; 333) is configured to provide all vehicle pitch
control for the AUV.

6. The AUV of claim 4, wherein the vertical thruster
(233; 333) is configured to provide lift-off force from
the seabed for the AUV.

7. The AUV of any of claims 1 to 3, wherein the propul-
sion system comprises a plurality of thrusters (231;
233), wherein at least one of the plurality of thrusters
is coupled to the pressure vessel by a pressure
sealed connector or penetrator.

8. The AUV of any of claims 1 to 7, wherein the propul-
sion system comprises a plurality of external elec-
tronic devices (341; 343; 349), wherein at least one
of the plurality of external electronic devices com-
prises a flat surface configured to electrically couple
with a flat surface of the pressure vessel.

9. The AUV of any of claims 1 to 8, wherein the propul-
sion system comprises a plurality of rim-driven
thrusters.

10. The AUV of any of claims 1 to 9, wherein the propul-
sion system comprises a plurality of thrusters (231;
233), wherein at least one of the plurality of thrusters
is coupled to a braking system configured to prevent
rotation of the thruster while the AUV is on the sea-
bed when the propulsion system is powered off.

11. The AUV of any of claims 1 to 10, wherein the buoy-
ant body (201) has a shape that provides lift to the
AUV during horizontal movement of the AUV.

12. The AUV of any of claims 1 to 11, further comprising
an altimeter (348) located entirely within the pressure
vessel.

13. The AUV of any of claims 1 to 12, further comprising
an integrated control system (901) configured to con-
trol both the one or more seismic sensors and the
propulsion system, wherein the integrated control
system comprises a digital autonomous recorder,
DAR, (823).

14. The AUV of claim 1, wherein the first and second
ends are substantially cylindrical, wherein the me-
tallic connecting hub is in the shape of a ring.

15. A method for performing a marine seismic survey
using the AUV of any of claims 1 to 14.

Patentansprüche

1. Autonomes Unterwasserfahrzeug, AUV, (701), um
seismische Signale auf dem Ozeanboden während
einer marinen seismischen Überwachung aufzu-
zeichnen, wobei das AUV Folgendes umfasst:

einen schwimmenden Körper (201; 301; 410;
420; 430), der aus einem positiv schwimmenden
Flotationsmaterial hergestellt ist,
ein Druckgefäß (211; 311; 500; 600), das ge-
trennt von dem schwimmenden Körper und an
eine äußere untere Seite des schwimmenden
Körpers gekoppelt ist, wobei das Druckgefäß ei-
ne Vielzahl von elektronischen Komponenten
aufnimmt, wobei das Druckgefäß (211; 311;
500; 600) ein erstes im Wesentlichen nicht me-
tallisches Ende (311; 511; 611) umfasst, das an
ein zweites im Wesentlichen nicht metallisches
Ende (312; 521; 621) durch eine metallische
Verbindungsnabe (313; 501) gekoppelt ist;
ein Antriebssystem, das konfiguriert ist, um das
AUV anzutreiben und zu steuern, während es
sich unter Wasser bewegt; und
einen oder mehrere seismische Sensoren (110;
821), die sich innerhalb des Druckgefäßes be-
finden und konfiguriert sind, um seismische Si-
gnale aufzuzeichnen, während das AUV auf
dem Boden des Ozeans ruht.

2. AUV nach Anspruch 1, wobei das erste und zweite
Ende Kohlefaser umfassen.

3. AUV nach einem der Ansprüche 1 bis 2, weiter um-
fassend eine Vielzahl von elektronischen Kompo-
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nenten (341; 343; 349) außerhalb des Druckgehäu-
ses und gekoppelt mit den elektronischen Kompo-
nenten durch die metallische Verbindungsnabe
(313; 501).

4. AUV nach einem der Ansprüche 1 bis 3, wobei das
Antriebssystem eine Vielzahl von Propellern (231;
233) umfasst, wobei mindestens eines der Vielzahl
von Propellern einen vertikalen Propeller (233; 333)
umfasst, der konfiguriert ist, um dem AUV eine ver-
tikale Hebung bereitzustellen.

5. AUV nach Anspruch 4, wobei der vertikale Propeller
(233; 333) konfiguriert ist, um dem AUV die gesamte
Fahrzeughöhensteuerung bereitzustellen.

6. AUV nach Anspruch 4, wobei der vertikale Propeller
(233; 333) konfiguriert ist, um dem AUV eine Abhe-
bekraft vom Meeresboden AUV bereitzustellen.

7. AUV nach einem der Ansprüche 1 bis 3, wobei das
Antriebssystem eine Vielzahl von Propellern (231;
233) umfasst, wobei mindestens eines der Vielzahl
von Propellern mit dem Druckgefäß durch einen
druckversiegelten Verbinder oder Eindringkörper
gekoppelt ist.

8. AUV nach einem der Ansprüche 1 bis 7, wobei das
Antriebssystem eine Vielzahl von externen elektro-
nischen Vorrichtungen (341; 343; 349) umfasst, wo-
bei mindestens eine der Vielzahl von externen elek-
tronischen Vorrichtungen eine ebene Oberfläche
umfasst, die konfiguriert ist, um elektronisch mit ei-
ner ebenen Oberfläche des Druckgefäßes gekoppelt
zu sein.

9. AUV nach einem der Ansprüche 1 bis 8, wobei das
Antriebssystem eine Vielzahl von Ringpropellern
umfasst.

10. AUV nach einem der Ansprüche 1 bis 9, wobei das
Antriebssystem eine Vielzahl von Propellern (231;
233) umfasst, wobei mindestens einer der Vielzahl
von Propellern mit einem Bremssystem gekoppelt
ist, das konfiguriert ist, um die Drehung des Propel-
lers zu verhindern, während sich das AUV auf dem
Meeresboden befindet, wenn das Antriebssystem
ausgeschaltet ist.

11. AUV nach einem der Ansprüche 1 bis 10, wobei der
schwimmende Körper (201) eine Form aufweist, die
dem AUV einen Hebung während der horizontalen
Bewegung des AUV bereitstellt.

12. AUV nach einem der Ansprüche 1 bis 11, weiter um-
fassend einen Höhenmesser (348), der sich voll-
ständig innerhalb des Druckgefäßes befindet.

13. AUV nach einem der Ansprüche 1 bis 12, weiter um-
fassend ein integriertes Steuersystem (901), das
konfiguriert ist, um sowohl das eine oder die mehre-
ren seismischen Sensoren als auch das Antriebs-
system zu steuern, wenn das integrierte Steuersys-
tem einen digitalen autonomen Rekorder, DAR,
(823), umfasst.

14. AUV nach Anspruch 1, wobei das erste und zweite
Ende im Wesentlichen zylindrisch sind, wobei die
metallische Verbindungsnabe die Form eines Rings
aufweist.

15. Verfahren zum Durchführen einer marinen seismi-
schen Untersuchung unter Verwendung des AUV
nach einem der Ansprüche 1 bis 14.

Revendications

1. Véhicule sous-marin autonome, AUV, (701) pour en-
registrer des signaux sismiques sur le fond de
l’océan pendant une étude sismique marine, l’AUV
comprenant :

un corps flottant (201 ; 301 ; 410 ; 420 ; 430) qui
est composé d’un matériau de flottaison positi-
vement flottant ;
une cuve sous pression (211 ; 311 ; 500 ; 600)
séparée dudit corps flottant et accouplée à un
côté inférieur externe du corps flottant, ladite cu-
ve sous pression logeant une pluralité de com-
posants électroniques ; ladite cuve sous pres-
sion (211 ; 311 ; 500 ; 600) comprenant une pre-
mière extrémité sensiblement non métallique
(311 ; 511 ; 611) accouplée à une deuxième ex-
trémité sensiblement non métallique (312 ; 521 ;
621) par un moyeu de liaison métallique (313 ;
501) ;
un système de propulsion configuré pour pro-
pulser et diriger l’AUV alors qu’il se déplace sous
l’eau ; et
un ou plusieurs capteurs sismiques (110 ; 821)
situés dans la cuve sous pression et configurés
pour enregistrer des signaux sismiques alors
que l’AUV repose sur le fond de l’océan.

2. AUV selon la revendication 1, dans lequel les pre-
mière et deuxième extrémités comprennent une fi-
bre de carbone.

3. AUV selon l’une quelconque des revendications 1
et 2, comprenant en outre une pluralité de compo-
sants électroniques (341 ; 343 ; 349) à l’extérieur du
logement sous pression et couplés aux composants
électroniques par l’intermédiaire du moyeu de liaison
métallique (313 ; 501).
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4. AUV selon l’une quelconque des revendications 1 à
3, dans lequel le système de propulsion comprend
une pluralité de propulseurs (231 ; 233), dans lequel
au moins l’un de la pluralité de propulseurs com-
prend un propulseur vertical (233 ; 333) qui est con-
figuré pour permettre le déplacement vertical de
l’AUV.

5. AUV selon la revendication 4, dans lequel le propul-
seur vertical (233 ; 333) est configuré pour réaliser
tous les contrôles de tangage de véhicule pour
l’AUV.

6. AUV selon la revendication 4, dans lequel le propul-
seur vertical (233 ; 333) est configuré pour fournir
une force de décollage du lit marin pour l’AUV.

7. AUV selon l’une quelconque des revendications 1 à
3, dans lequel le système de propulsion comprend
une pluralité de propulseurs (231 ; 233), dans lequel
au moins l’un de la pluralité de propulseurs est ac-
couplé à la cuve sous pression par un raccord ou un
élément de pénétration étanche sous pression.

8. AUV selon l’une quelconque des revendications 1 à
7, dans lequel le système de propulsion comprend
une pluralité de dispositifs électroniques externes
(341 ; 343 ; 349), dans lequel au moins l’un de la
pluralité de dispositifs électroniques externes com-
prend une surface plate configurée pour être couplée
électriquement à une surface plate de la cuve sous
pression.

9. AUV selon l’une quelconque des revendications 1 à
8, dans lequel le système de propulsion comprend
une pluralité de propulseurs à entraînement circon-
férentiel.

10. AUV selon l’une quelconque des revendications 1 à
9, dans lequel le système de propulsion comprend
une pluralité de propulseurs (231 ; 233), dans lequel
au moins l’un de la pluralité de propulseurs est ac-
couplé à un système de freinage configuré pour em-
pêcher la rotation du propulseur alors que l’AUV est
sur le lit marin lorsque le système de propulsion est
arrêté.

11. AUV selon l’une quelconque des revendications 1 à
10, dans lequel le corps flottant (201) a une forme
qui permet le soulèvement de l’AUV pendant le dé-
placement horizontal de l’AUV.

12. AUV selon l’une quelconque des revendications 1 à
11, comprenant en outre un altimètre (348) situé en-
tièrement dans la cuve sous pression.

13. AUV selon l’une quelconque des revendications 1 à
12, comprenant en outre un système de commande

intégré (901) configuré pour commander à la fois
lesdits un ou plusieurs capteurs sismiques et le sys-
tème de propulsion, dans lequel le système de com-
mande intégré comprend un enregistreur autonome
numérique, DAR, (823).

14. AUV selon la revendication 1, dans lequel les pre-
mière et deuxième extrémités sont sensiblement cy-
lindriques, dans lequel le moyeu de liaison métalli-
que a la forme d’une bague.

15. Procédé pour effectuer une étude sismique marine
en utilisant l’AUV selon l’une quelconque des reven-
dications 1 à 14.
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